Monoaminergic neuron systems were studied in the frontal sections of the house-shrew brain by using the peroxidase-antiperoxidase technique with antisera to tyrosine hydroxylase (TH), aromatic L-amino acid decarboxylase (AADC) and serotonin (5-HT). The distribution of monoaminergic neurons was found to be similar to that in the rat brain. However, in the house-shrew brain proper, TH-and AADC-positive cells were found in the diagonal band, stria terminalis, dorsal tegmental nucleus and area postrema, whereas some TH-positive but AADC-negative neurons were found in the diagonal band, lateral septal area, olfactory tubercles, caudoputamen, caudal level of the lateral habenular nucleus and around the dorsal vagal nucleus. Moreover, 5-HT neurons were observed in the motor cortical area, diagonal band, lateral septal area, caudoputamen, lamina intercalaris, periaqueductal gray matter, locus coeruleus, and superior olive. D neurons (AADC-positive but TH-or 5-HT-negative) were observed in the frontal cortex, medial vestibular nucleus, and area postrema. In the dorsal vagal nucleus and its dorsal portion, TH-positive cells started to appear at postnatal day 5 (P5), and the cell number increased between P10-P20, but decreased by adulthood, while D4 and D5 cells first appeared at P1 and gradually decreased until adulthood.
The localization and distribution of monoaminergic neurons in the brains of vertebrates have been demonstrated in detail by formaldehyde-induced histofluorescent methods (1, 2, 15, 27) and by immunohistochemical techniques using antibodies against monoamine-synthesizing enzymes and serotonin, or against the sole application of catecholamine (3, 6, 9, 10, 11, 13, 16, 17, 19, 23, 24, 25, 29) .
Aromatic L-amino acid decarboxylase (AADC) neurons in the central nervous system have generally been treated as monoamine-synthesizing neurons, viz. catecholaminergic or serotoninergic (8) , but may possess something besides the biosynthetic enzymes necessary for synthesis of catecholamines and serotonin . Recently, Jaeger et al. (4, 6, 7) named these cell groups D1-D14 in the rat brain (5) .
The aim of this work is to elucidate the localization of monoaminergic neurons and their developmental changes in the brain of the house-shrew, which belongs to the insectivora class of animals, using antibodies to tyrosine hydroxylase (TH), AADC and 5-HT. 
RESULTS
Brain monoaminergic neurons (TH-, AADCand 5-HT positive nerve cell bodies) of the houseshrew were visualized in the present immunohistochemical study (Fig. 1 ). The TH-and AADC-positive nerve cells and nerve fibers were wide-ly distributed, similar to those in the rat brain ( Fig. 1F ). D13 neurons of the suprachiamatic nucleus were scattered small to medium-sized and stained lightly. Immunoreaction of this D13 neuron was electron microscopically located throughout the cytoplasmic matrix of the neuronal perikarya ( Fig. 2h ) as well as at AADC-positive granules between well developed cell organelles, and in the terminals that contained many fusiform or oval-shaped immunoreactive granules (100-200nm, Fig. 2i ). The D9 neurons were medium-sized and multipolar, and had varicose fibers. The D6 neurons were found as lateromedial cluster and small and oval in shape but had no varicose fibers (Fig. 3b ). In addition, a few small and oval AADC-positive cells with short non-varicose fibers were observed in the deep layers of frontal cortex. AADC-positive but TH-and 5-HT-negative projection fibers were seen throughout the house-shrew hypothalamus and forebrain. sent in the reticular formation and continued ventrolaterally to the substantia nigra which consisted of numerous multipolar cells (A9). Moreover, THpositive cells in the pons were divided into 4 distinct areas: the medial border of the lemniscus lateralis (A7), locus coeruleus (A6), ventrolateral pons (A5) and roof of the fourth ventricle (A4). TH-positive A7 cells continued to A8 cells rostrally ( Figs. 1K and 1L) , and A5 caudally (Figs. 1M-O) . Multipolar A6 cells were medium to large in size with their processes spread into a few directions ( Fig. 3i) . At the level of the caudal part of the locus coeruleus, spindle-shaped A4 neurons were large and few in number, but their nerve processes penetrated into the ependymal layer ( Fig. 3g) . The AADC neurons of the midbrain and pons were observed within the several pretectal nuclei (D5, Figs. 1H-J), the nucleus of the posterior commissure (D4, Fig. 1L ) and the parabrachial complex (D3, Figs. 1N-P). In the pretectal nuclei,the D5 neurons appeared from postnatal 1 day (P1) and increased from P10 to P12 but decreased to disappear until P30. These small and oval neurons with short processes stained lightly (Figs. 3e, 3f) . At the middle of the parabrachial nucleus, some of these small cells, located just between the superior cerebellar peduncle and the rostrodorsal extension of the locus coeruleus (A6), stained darkly, showing short non-varicose processes (Fig. 3j, arrow) . 5-HT-positive cells were found in several discrete areas in the pons and midbrain. In the rostral level of the dorsal raphe nucleus, 5-HT-positive neurons or catecholamine-positive neurons were observed. In the ventral part, other 5-HT-positive neurons followed at the median portion, principally in the nucleus centralis superior (B8). The neurons in the rostral portion of B8 succeeded laterally to form another 5-HTcontaining neuron group (B9). In the ventral half of the midbrain, many large and 5-HT-positive neurons with varicose processes were distributed mainly within the dorsal raphe nucleus (B7). These large and multipolar neurons sent their axons rostroventrally toward the ventral tegmentum where they turned rostrally to enter the medial forebrain bundle. In the rostral pontine tegmentum, a small number of 5-HTpositive cells were seen dorsomedial to the nucleus tegmentalis dorsalis (B6). Near the genu of the facial nerve (B4) and the nucleus raphe pontis (B5), a few 5-HT-cells were visible. Moreover, a small number of 5-HT-positive cells were found from the locus coeruleus to the subcoeruleus (Fig. 3k ) and superior olive. These medium-sized cells with short processes also showed an AADC-positive reaction. 5-HTpositive varicose fibers or terminal processes were widely distributed throughout the midbrain, namely in the reticular formation, substantia nigra pars reticulata, interpeduncular nucleus and supraependymal surface of the fourth ventricle (Fig. 3h ). In the oculomotor and trochlear nuclei, TH-positive varicose fibers were densely seen like 5-HT-positive ones. Medulla oblongata: TH-positive neurons were observed mostly in two parts: the ventrolateral and dorsomedial parts of the reticular formation, which coincided with A1 and A2. A1 neurons were large and multipolar, and sent their processes into the nearby reticular formation. A2 cells were observed in the nucleus of the solitary tract, dorsal vagal nucleus and nucleus commissuralis, continued to the level of the caudal end of the facial nucleus in the frontal section. Characteristic findings of TH-positive but AADC-negative cells were found in the dorsal vagal nucleus and its dorsal part, and area postrema ( Figs. 4a and 4b) . These neurons appeared to increase from P1 to P10 and then decreased to almost disappear from P20 to adulthood (Fig.4c ). A3 cells (2, 8) were not recognized in the nucleus olivaris accessorius dorsalis.
AADC-positve neurons of the medulla oblongata were seen in the nucleus of the solitary tract (D2, Figs. 1Q-S). At the level of the area postrema, D2 neurons were arranged in the dorsal and lareral subpostremal divisions. These D2 cells appeared from P1, increased in number markedly from P7 to P10, and then gradually decreased until adulthood (Figs. 4e and 4f). By electron microscopy, AADC immunopositive products were observed throughout the cytoplasmic matrix of D2 cells, but not in the nucleus, nuclear membrane, mitochondria, or Golgi complex (Fig.  4g) .
Moreover, at the most caudal medulla oblongata, D1 cells (mainly distributed in the spinal cord) were observed in the central gray matter.
On the other hand, 5-HT-positive cells were found in the raphe nuclei, pallidus (B1), obscurus (B2) and magnus (B3). Some 5-HT-positive neurons were also seen outside the raphe region, areas dorsal to the inferior olive and lateral to the corticospinal tract. 5-HT-positive terminals were found with dense varicosities in the rostral part of the nucleus reticularis lateralis, dorsal vagal nucleus, nucleus of the solitary A3 cells found in the rat brain (2) were seen neither in the house-shrew brain nor in the bat (29) . On the contrary, 5-HT-positive neurons were reported to exist in the locus coeruleus and area postrema of the rat (25) , which we could not identify in the locus coeruleus and subcoeruleus, and a few in the area postrema of the house-shrew but also observed in the deep layer of the motor cortex and caudoputamen as characteristic findings. These neurons were small, bipolar, and few in number in the house-shrew but were not seen in the rat or other mammals. These findings suggest that there are differences in monoaminergic neurons among the animal species.
Basing on our data of fiber distribution, 5-HTfibers are concentrated in the motor neurons of the oculomotor and trochler nuclei. As far as the serotoninergic innervation of the ventricular wall is concerned, the findings indicated the same distribution as those in the rat (24), but catecholaminergic neuronal processes were also seen in the ventricular wall near the locus coeruleus (probably, processes of the A4 and A6 cells) in the present study. These observations raise the possibility of the participation of 5-HT and catecholamines in the regulation of either the formation of the cerebrospinal fluid (CSF) and/or barrier between CSF and blood, exerting some influences upon the motor nuclei and the pyramidal neurons as a local small circuit.
The D group cells were small and oval in shape with short processes of scanty varicosities, but showed no projection into specific regions. At the same time, the D13 neurons were scattered through the suprachiasmatic nucleus in the house-shrew whereas the neurons were localized upon the same nucleus of rat (4, 22) .
By electron microscopy, AADC-positive reaction products were distributed throughout the cytoplasmic matrix of all D-neurons but not in the nucleus, mitochondria and Golgi complex. Especially, immunoreactivities of the D13 and D9 neurons were also observed in the granules in the cytoplasm and terminals. From these observations, 2 types of AADC neurons: neurosecretary type cell (D13 and D9) and the other D group neurons were discriminated. 
